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Abstract 


Six hundred (600) Ss, ranging from 4 to 26 years of age, were 
tested to determine: (a) which of the responses antecedent of time 
estimation (pars pro toto, sequence, multiple-sequence) are charact- 
eristic for various age groups, (b) how does the accuracy of time . 
estimation improve with increasing chronological age. Two conditions 
were used for testing: a short (3 min.) simple comedy film (Condition 
1) and a 13 min. long film (Condition 2) made up by splicing together 
two different stories. Ss were required to write down what happened 
in the film and how long the film was. 

Data generally support the hypothesis. Pars pro toto response 
(a temporal interval is cognized by a single concrete event) is pre- 
dominant in the younger Ss (4, 5, 6, and 7 years old). The sequence 
response (characterized by giving sequential order) is predominant 
in 10 year-old Ss. The multiple-sequence response (the realization 
of several events taking place in sequence) starts to be predominant 
from 13 years of age. Accuracy of time estimation was increasing 
chronological age till 15 years in Condition 1. In Condition 2 


accuracy increased till age 13 and after that it leveled off. 
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Introduction 


Time has been thought of and studied from different aspects. 
Philosophers argue if time is real or only illusionary. Antropolo- 
gists investigate different ways of regarding time in different 
cultures. Physicists are concerned with measurement. It is their 
discoveries which have established and modified many commonly accepted 
ideas about time. Writers and poets have approached time from other 
points of view. And, more recently, psychologists have contributed 
to a vast and diverse literature on time (Osmond, 1972). 

Time can be considered as being attached to clocks and calendars 
and the measurement function they perform. In everyday life, time, 
more than anything else, refers to numbered records, minutes, hours, 
days, and years. Familiar time-reckoning involves the continuous 
counting of sequential time units such as these. This understanding 
of the word is, however, confined only to a late point in the develop- 


ment of a single concept of time. On this account one must be aware 


that: 
"Time is not a thing that like an apple, may be 
perceived. Stimuli and patterns of stimuli occupy 
physical time; and we react to such stimuli by 
perception, judgment, comparison, estimates, etc." 
and that: 


" ..time is a concept, somewhat like the value of 
pieces of money, that attaches to perception only 
through a judgmental processes. The ease and 
apparent immediacy of the temporal judgment in 
certain cases might be explained as the result of 
practice, much of it occurring in the first few 
years of life, in the interpretation in terms of 
physical time of the numerous alleged temporal 
cues, (Woodworth, 1960, p. 1235)". 
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In character it is uniform, unlimited in extension, unlimited in 
divisibility, and its advance is irreversible (Hallowell, 1939). 
But these attributes are ideal and abstractions only approached in 
human adaptation. The question is: How do we come to appreciate 
these attributes? 

Early indicants of time awareness are the infant's ability to 
adapt to a rhythm of feeding and to meaningful application of devices 
expressive of time (Fraisse, 1964; Orme, 1969; Sturt, 1925). These 
occur in childhood (Orme, 1969; Schechter, Symonds, & Bernstein, 1955; 
Werner, 1948), as well as in primitive man (Nilsson, 1920; Werner, 
1948) and only in relation to concrete phenomena. Indications by 
their nature cannot be numerically grouped together to provide a 
system for counting or more elaborate reckoning. Werner (1948) 
points out that "...the primitive temporal concept generally lacks 
that central focus, that continuity and consistency in counting, 
which marks a fully abstract quantitatively determined temporal 
system (p. 185). The outstanding characteristic of time indications 
then, is that they lack ordinality. 

Classically, time inciation refers to a "point" occurring 
within a duration and not to the duration of some period. The earlier 
human form of time awareness uses concrete and clearly visible points 
in reference. Werner says "...time in the primitive sphere, is not 
sO much an abstract measure of order as a moment embedded in the whole 
concrete activity and social life of the tribe, (Werner, 1948, p. 182)". 
Piaget (1968) also holds that primitive thought tends towards abso- 


lutes on which the primitive happen to be dwelling and thus they fail 
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to group. Primitive man, and perhaps young children, know only con- 
crete indications of time, if time at all. This phenomenon, Nilsson 
(1920) calls pars pro toto and this title gives the flavor of the 
concept. Thus, in primitive man, pars pro toto is represented in 
rituals based on moon appearances, division of days by dark and sun, 
GUC, 

In primitive cultures, (Nilsson, 1920; Schester, et al., 1955; 
Werner, 1948) time reckoning is tied to indications of cycles made 
up of elements having an invariant natural order. Somewhere in cul- 
tural development, there is explicit and concrete recognition that 
night and day, seasons of growth and dormancy, and ritual periods such 
as spring rites form an orderly sequence. Uganda tribesmen, for 
example, have complicated systems of dividing the day according to a 
system of concrete work activities. Their system is composed of 
series of events constituting the day's work; for example, 6:00 a.m. 
is "milking time", 3:00 p.m. "watering time", 5:00 p.m. "home coming 
for the cattle", etc. Despite an obvious advance over pars pro toto 
designations, such concrete time-of-action lack the systematization 
of continous temporal system. The divisions are based on the dominant 
events and do not follow each other progressively as a continuum but 
stand "side by side in isolation, (Werner, 1948, p. 184)". Abstraction 
plays a minimal role in time reckoning in primitive cultures (Schester, 
eddies. 1955). 

Descriptions of human development parallel anthropological data. 
Developmental literature makes it clear that extended ideas of time 


require experience. The child's concept of time is based on an ego- 
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centric concrete mode of experience which tends to deyelop toward a 
universal abstract temporal system (Piaget, 1969). Acquisition of 
the everyday concept of time is a slow process stretching through 
childhood into adolescence (Bradley, 1947; Doob, 1971; Fraisse, 1964; 
Orme, 1969; Smythe et al., 1957). 

Most studies investigating the development of time awareness 
unfortunately deal with how time-related words are used, rather than 
how concrete events are abstracted by the child; nonetheless, they 
provide valuable information about the development of processes for 
time indications since they generally agree on the order of the occur- 
rence of certain words although differing somewhat on the exact ages 
(Orme, 1969). This is not too surprising however, because much of 
the data has been obtained from special samples of the general popu- 
lation, i1.e., children of high average or superior intelligence or 
those who are defective. 

Generally, it may be accepted on the basis of experimental lit- 
erature that the earliest time cognitions are of special days of the 
week (like Sunday). This occurs at about the fourth year. Children 
customarily progress to the day of month by the age of 8 to 9. Con- 
sistent with this, young children have difficulties in relating even 
most recent events and adventures from the near past. Frequently a 
number of juxtaposed details are given which are quite incoherent 
(Piaget, 1969). Their memories are not automatically related to one 
another. 

Even though the serial ordering of time is important and is 


part of the experience of adults it is not innate (Fraisse, 1964; 
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Sturt, 1925). Apparently the perception of succession precedes the 
child's grasp of the order of events; this is particularly evident 
when the child is required to reconstruct events later from unaided 
memory (Fraisse, 1964). Piaget's experiments (1969) specifically 
show that young children fail to arrange series of pictures so as to 
make a story or reconstruct the order in which liquid was taken from 
a bottle. Such a failure suggests that grammar and vocabulary are 
not solely responsible for the child's difficulties. 

Many experiments (Ames, 1946; Oakden, 1922) bear upon the same 
point although in a somewhat different way. Ames (1946) notes that 
young children live only in present till approximately 24 months and 
from their base in the present expand toward future and past. Accord- 
ing to Ames (1946) the word "tomorrow" appears in the 30th month and 
"yesterday" in the 36th month. However, complete mastery of any eine 
of the time concepts does not happen at once. At first the child 
responds to a time word, for example, by waiting. Later he can use 
the word spontaneously and subsequently can answer correctly questions 
dealing with the concept (Ames, 1946). Fraisse (1964) calls this por- 
tion of the development process "expansion of temporal horizon". 

Children apparently progress from the concrete experiences of 
everyday events to more abstract interpretations of events. Fraisse 
(1963) writes about these changes as follows: "...he adapts to the 
cycle of everyday long before he knows the special days of the week. 
Subsequently he conquers time through the organization into sequences 
of the period of time he has experienced, he orients himself and 


locates one moment by its relationship to others (p. 262)". 


babtaay nov? astel ethave Solrigenov97 of bovtues. 2 
yl tsatt toegay (2aeT) agnamtyeaKe 2‘gapsts  , (AdeT seater’) \eromem 
os 2 o2 eswiotq to 2si192, 9pneIS of fret nowbitds pnuoy dene ode 
mort madet 2ewebtupé! ntotdw nf taby0 silt tourdenopay na: wiotes atam 
avs yisfudsoov bas vamasip 36nd et2speue awl Ft 6 dove. .atitod 6 
etd tuotttib. 2° bt trio sat wor stdianoqasy ¢isive son 
ansz sit noquersod (SSEI .aabAsd ; dAGT , 2omA) ednanitvegxe’ yee vq 
tent 2ston (db@t) e2amA see INSET Fb Jerlwemoe 5 at Apuods(s Intog 
bas erdtaom’ SS yfetemixonaqs Mit tageei4 nt.xtho evi msabi tis ena 
-piooaA  .s2aq brs sae bYBWOg bneqxe sneeeng: and nt 926d, isdd Mant 
brs ntnonmt AsOE oft nt exveaqas “worries” pais ot (aser) 29m od pnt 
suc yas to. yreeem o¥oldinoo YevewoH | _ trom Be osit nt “yebyetzeig” 
bf tds sds tavit JA .9ono te, waaded Som: -e80b 24qgon9 onit ott FO 
seu 169 of yon] .pntttew yd. atinexs: 70% brow, amit f od 2bneqest 
anoftzoup ylsosvi02 yowens nso \itasipsedue, bas yi avosnsinoge lad 
nog ets 2f feo (BACT) s2ers1? (BREF zon) ‘aesinws Nui nittw ont teab 
-“foxTron Istequssy to notensqxs" 2293019 inangofavab sit to nots 

to esanstvaqxs stsvonos and movt 2eaxporg yl inayeiqge asyblin3 
g2efati. .2tnsve to anotssrsyqrasnt Pererer ys sion os 2tn95 ysby 4v9 
edt. of 2iqsbs BH, oy” ‘ewol Tot 26 e9pnsio seant tuods.zettnw (fae@L) 
-A9sw ond to. 2ysb Iet3eqe auld, enon ef srotoed prof “ypbyyavs to oto 
esonsupez aint notiesinapto. sd fpuords omty 2rsupnoo 4d yfsneupsedue 


pane ie .boanatiaake ss at ant 39. borreq att Yo | 


of aittenotteran 237 yd Inaman sno aadapal 


The next step beyond "time indication" is the development of 
time as a homogeneous and uniform flow. "Time reckoning" is, just as 
the ability to use time indications, prerequisite for time estimation. 
The conception of time as an impersonal flow frees a child from a 
“personal” time predicament and enables estimation of durations. 
Children know such time through personal activities before they can 
give the actual clock time. Words which imply duration, in fact, enter 
their vocabulary by the 36th month (Ames, 1946). 

The transition from "personal" to "universal" time is well ill- 
ustrated by Oakden and Sturt (1922). They asked 4 - 10 year-old 
children: (a) What time is it for your mother at home now? and (b) 
What time of day is it in "X" (X being a neighborhood town). While 
50% of the answers were correct at age 4, 100% were correct only at 
age 10. For the second question, 14% of 4 year-olds gave correct re- 
sponses and 86% of the 10 year-olds. This belated acceptance of the 
universal time means that the estimation of duration continues to 
develop relatively late. 

It continues to improve into adolescence (Fraisse, 1964; Orme, 
1969; Piaget, 1969; Smyth et al., 1957). Ordinarily children have 
little idea of what a minute or an hour represents even when they 
have learned to "tell time" on clocks. What age age 8 is impossible, 
the 11 year-old can do - by that age the children use the time units 
in appropriate fashion. 

What we know about the mechanism of duration estimation is 
scant. Piaget (1969) suggests that children frequently estimate dur- 


ation by the work accomplished. On other occasions they rely upon 
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the number of changes they observed. His hypothesis is based on the 
development of the concept of space, movement, and velocity, and more 
generally these are incorporated into his general theory of mental 
development (Piaget, 1969). According to Piaget, the young child's 
intellectual representations of time are thoroughly confounded with 
his representations of space. Children regard each individual move- 
ment as having its own "local" time unrelated to those inherent in 
other movements. With experience they come to know that their judg- 
ments are not absolutely reliable and learn to test duration judgments 
indirectly (Piaget, 1969). In point, Smyth and Goldstone (1957) re- 
port on the estimation of a second by children of various ages. They 
conclude that 6 - 7 year-old children judge duration exclusively on 
the basis of relative shortness or longness. The authors concluded 
that the children have not yet learned from the experience because 
they have not organized their knowledge and acquired an abstract 
concept of time. 

Along different lines, Gilliland and Humphreys (1943) studied 
clock time estimation of short intervals (9-180 sec.). They compared 
estimates of 5th graders with those made by adults; adults were 15- 
18% more accurate. Smyth and Goldstone (1957) found there is a great 
degree of variability in estimating 1 sec. intervals by children 6 to 
8 which progressively decreases to age 14 when it reaches the same 
accuracy as in adults. Orme (1967) reported that 16 year-old group 
approached adult estimation. The apparent disagreement on the exact 
age may be partly because of differences in sample selection, and/or 


by different intervals and methods of estimations. 
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It has been suggested (Foester, 1969; Fraisse, 1964; Fress, 
1962) that children's slow development of the appreciation of dura- 
tion is, at least partly, due to insufficient educational attention. 
Such allegations are supported by a study reported by Fraisse (1964) 
in which 7 year-old children were shaped to evaluate 30 sec. intervals 
by being told if their estimates were "too long" or "too short". Af- 
ter three weeks of such training the children improved by about 30%, 
and the author concludes that "it is essentially the training which 
pSelackindsiDaacoc me 

Others, recognizing limits, hold that other aspects of the time 
concept cannot be greatly accelerated. Farrell's (1953) research 
with 5 - 7 year-old children indicate that at some ages certain con- 
cepts cannot be comprehended even by children with high IQs. Because 
of the lack of extensive and purposive research into this problem no 
final conclusions can be drawn. Considering, however, the develop- 
mental nature of the time concept it may be expected to be related to 
individual differences in mental development as well as to the amount 
of practice. 

More specifically, several authors have found a positive cor- 
relation between the comprehension of time words and scores on the 
intelligence tests. Lovell et al., (1960) in an experiment based on 
Piaget's observations, compared performances of Ss with above average 
IQs to those selected from a school for educationally subnormal child- 
ren, and found 16 - 17 year-old subnormal Ss perform at a level com- 
parable to approximately 9 year-old normal Ss. Smyth and Goldstone 


(1957) working with 14 year-old boys of superior and average IQ found no 
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differences between their estimation of 1 sec. Nonetheless further 
inquiries into such relationships are needed before conclusions can 
be reached, especially since research with young children has been 

neglected. 

The investigations to be reported delineate developmental 
events related to the acquisition of temporal concepts by the child. 
The purpose was to study how experiences of concrete events accompany 
development of time related ideas. The cultural antecedents to "time 
measurement" described by Nilsson as "time indication" and "time 
reckoning" suggest developmental parallels that might be studied. One 
Should, on this basis, expect development of a pars pro toto type of 
awareness followed by sensitivity to sequential components in isolation 
and inter-relation. 

Fortunately pilot work (Appendix A) has made the possibility of 
hypothesizing ontological parallels possible. Pars pro toto analyses 
of film sequences (i.e., the whole system of temporal patterns is 
represented by a single event or condition) are characteristic of 
young children. Also, children relate sequential components of films 
before they notice the presence of multiple ontological components. 

Derived partially from the above mentioned pilot study the 
following hypotheses were formulated: 

(a) The earliest social concern with time takes a pars pro 
toto form. Such responses will be characteristic of 4 - 6 year-old 
children. 

(b) The second stage will be characterized by descriptions of 


ordered event sequences (time indication processes). These will be 
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10, 
predominant in children of the next age, i.e., a 7 - 10 year age 
group. 

(c) The third stage of development will be marked by an ability 
to describe events in multiple-sequential order. This accomplishment 
will be achieved by 12 years of age. 

Paralleling the meaningful expressions of temporal relationships 
in concrete events one might expect improvement in the understanding 
of abstract expressions of time. More specifically, we may expect on 
the basis of previous literature that: 

(d) estimation of film duration in penne units will improve 
with age, and 


(e) the ability to estimate time will plateau at 15 years. 


Finally, assuming the validity of evidence that greater accuracy 
in time estimation distinguishes children of high IQ from those of 
low IQ, it is predicted that children of higher IQ will be advanced 
in expression of temporal relationship in concrete events in compari- 
son to children of lower IQ having the same chronological age. More 
specifically, it is predicted that: 

(f) a reliable difference in the accuracy of time estimation 
and the frequencies of particular responses will characterize Ss of 


high IQ from those of low IQ. 
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Method 


Subjects 


Six hundred (600) Ss ranging from 4 to 27 years of age served. 
All came from Edmonton kindergartens, Junior High School, Compository 
High School, and Sherwood Elementary School, and adults were first 
year students from the University of Alberta. Details are given in 
Table 1. IQ measures based upon Lorge Thorndyke's group test (1967) 


were obtained from the school records. 


Testing Materials 


A super 8 mm. film projector (Bell & Howell) was used with 
projection screens installed in classrooms. Stimuli were provided 
by two silent 8 mm. films produced prior to 1940 distributed by Ken 
Films Inc. Each sequence had action and humor designed to appeal to 
the age range of Ss. 

The first short film (Condition 1) called "Glad Rages to Riches" 
featured Shirley Temple and lasted 3 minutes. The second film (Con- 
dition 2) was made up of two parts, a cowboy action-drama featuring 
John Wayne and the comedy sequence represented in Condition 1. This 
film version consisted of 4 successive sequences, i.e., 5 min. of the 
cowboy story followed by 1.5 min. of the other story, followed by a 


5 min. cowboy and 1.5 min. comedy. 


Procedure 


Ss were tested within a one month period in classroom groups 


ranging from 5 to 25 persons. Only one film was projected to each 
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The Distribution of Ss for Conditions 1 and 2. 


CONDITION 1 
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group. The following instructions were given: "I will show you a 
film now. I want you to pay close attention so you can tell me later 
what it was all about and all that happened". Immediately after the 
film ended the Ss older than 8 years were given the following ques- 
tions in printed form: (a) How long was the film? and (b) What was 
the film about? Ss were encouraged to write down as much as they 
could recall. They were also required to write their age, name 
grade, and sex. 

Younger Ss were shown the film in the same fashion but groups 
were restricted in size to 5 persons. The same data were obtained 
through oral questioning. All Ss seeing the short comedy film were 


asked how long the film lasted. 


Evaluation of Response 


All verbal and written responses were classified into three 
categories: 
1. No Response - no descriptive material elicited through question- 
ing this S's statement that he can remember nothing of the film story. 
2. Pars pro toto - concrete descriptions of the single unrelated 
events occurring in the film. Shortness or longness is not the rele- 
vant dimension of the PPT response although ordinarily PPT responses 


are shorter than other types. Three PPT examples follow: 


"Tt was about a man who was angry at an actor". 


"The movie was about cowboys and Indians. When 
the Indians caught the cowboys they threw them into 


a big fire". 


"Cowboys and Indians and little kids running around 
with just their pants on". 
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3. Sequence Response - properly ordered report of events from the 


film. An example from the short film is: 


"She was in a studio. First a little girl was 
powdering her face. Then a boy came in she didn't 
like. Then another boy was in another room when 
another girl was there they hugged each other. Then 
they showed some boys that came in and were fighting. 
The little girl wanted to go to see what was going on 
but the boy was holding her." 


The split film provided a special problem of interpretation. In case 
of the split film, the description was judged to be a sequential 
response only when there was no indication that the S had recognized 
that there were two independent stories shown, j.e., Ss meeting the 
"sequence" criterion had events in the proper order without realizing 
that the parts were otherwise related. An example is: 


"At the beginning a run away stage was being chased 
by the U.S. Calvary. When they caught it they found 
that the U.S. paymaster was killed by Indians. After 
the funeral they went after the Indians. When they saw 
the Indian camp and they saw men selling rifles to Ind- 
jians. The Indians killed them and took all the rifles. 
Then the calvary got ready to charge. Then these child- 
ren got worried. When the show started the calvary 
charged and stampeded the horses and took them so the 
Indians couldn't ride them. The the show was over." 


"Tt was about cowboys and Indians fighting and a 


guy got an arrow through his back and little guys were 
kissing.” 


4, Multiple-Sequence Response - is an additional category appropr- 
jate only with Condition 2 data. This classification required indi- 
cation that the two different parts of film were recognized as forming 
two different stories. Three examples follow: 

"The movie was about a raid by the Indians and the 


calvary was trying to stop them. The next movie was 
about young children about 3, 4, or 5 doing a love scene." 
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“Well, there were two parts. There was a war 
between the Indians and the white men. The white 
men won. There was a love story in which Shirley 
Temple starred. The bad guy wanted her to marry 
him. But she loved another. The bad guy tried to 
take her away, but the police caught him. Then the 
two lovers lived happily ever after." 


"The movie was a western showing which (I think) 
Calvary and the Indians, and how they went about 
conquering them. The second movie was briefly about 
how small children act sometimes in a grown up way 
such as their love making and the way one boy got 
jealous over the little girl when the other boy and 
her were together." 


Care was taken not to confuse pars pro toto response with 
multisequential response for older Ss. Some older Ss gave brief 
summary statements interpretating the film but also showed awareness 


of inter-related details. 
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FREQUENCY 


FREQUENCY 


NO RESPONSE SEQUENCE 
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Figure 1: The Distribution of "No Response", Pars Pro Toto, and 


Multiple Responses Across 11 Age Groups for Condition 
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Figure 2: Frequency Distribution of Responses for 


Groups Composed of Several Grades. 
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Results 


Frequency distributions of the particular responses across 
age for Conditions 1 and 2 are illustrated in Figure la, b, respec- 
tively. Notice that results are in a direction favoring Hypotheses 
A, B, and C. A Chi-square test (Edwards, 1972) between the concerned 
age groups for Condition 1 indicates reliable differences (x* = 54.74, 
df = 8, p < .01). Chi-square tests were also used for comparisons 
shown in Table 2. For Condition 1, significant differences (p < 0.01) 
were found between the youngest group (preschoolers and first graders) 
and the Ss attending 2nd and 3rd grades. The latter group also diff- 
ered (p < .01) from the 4th and 5th grader children. From the results 
it can be seen that by age 10 the "sequence" response is used by a 
majority of Ss. The "no response" category disappears almost entirely 
by the 6th year. Data were also analyzed at the year level in order 
to see whether there was evidence for a sharp change suggestive of a 
critical age. Results are inconclusive (Appendix B). 

The results obtained from experimental Condition 2 are summar- 
ized in Table 2. Again, data were analyzed by applying the Chi-square 
test. The x* between all age groups is significant (x? = 41.84, df = 
12, p < .01). The group composed of preschoolers and Ist graders 
differ significantly (p < .01) from the 2nd and 3rd graders. Also 4th 
and 5th graders differ from the 6th and 7th graders (p < .01), and the 
latter from 8th and 9th graders (p < .01). 


The frequency distribution of responses for the analyzed groups 


are shown in Figure 2a and b. 
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Table 2 
Frequencies of Responses for Combined Groups Analyzed by Chi-Square Test 
CONDITION 1 CONDITION 2 


Compared Degrees of Chi- : Degrees of Chi- 
Grades Freedom Square Freedom Square 


Preschoolers, 
Oe 1St,ecna, 14.29** 3 20.91 ** 
& 3rd 
2nd & 3rd 
VS. 14.67** 
4th & 5th 


12.81** 
6th & 7th 
vs. : 24 .40** 
8th & Ith 
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The actual distribution of time estimations is shown in Table 
3. Looking at this table, one can see that time estimations are un- 
evenly distributed for grades 6 and 10, j.e., preferences for numbers 
"15" and "20" are apparent. Bias toward choice of common numbers 
introjects a spurious factor into the results. This will be returned 
to in the discussion section again. 

To make data comparable, each S's time estimate was expressed 
as an error of estimation by subtracting the real time from the es- 
timated time. An analysis of variance performed on error data from 
Condition 1 data yielded a significant Grades main effect (F = 5.27, 
df = 9/240, p < .01). (See Appendix C). A more detailed breakdown 
of differences is provided by Scheffe's multi-comparison test (Ed- 
wards, 1972) of the group means. This test reveals that the mean time 
estimation errors for grades are significantly different for all errors 
for grades 7 excepting 5 and 6. The mean time error in relation to 
chronological age is illustrated in Figure 3a. Notice that the mean 
time error steadily declines with increasing age. 

An analysis of variance performed on error data from Condition 
2 (see Appendix D), yielded a significant Grades main effect, (F = 
8.80, df = 6/168, p < .01). Using Scheffe's test, significant dif- 
ferences are evident between the time estimation errors of grades 4 
and 8, 4 and 9, grades 6 and 8, grades 6 and 9, and finally, between 
the grades of 7 and 8. The time estimations of the young adults how- 
ever were not significantly different from the 15 year-olds for either 
condition. Figure 3 illustrates the decreasing estimation error with 


increasing age. Inspection shows that at age 13, the error is lowest 
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Table 3 


The Frequency Distribution of Time Estimations 


Grades 


Time 
Estimated 5th 6th 
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Figure 3: 
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Variation of Time Error with Grade. 
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Figure 4: Variance of the Means of Time Estimation Error 
for the Short Film. 
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24. 
but after this age error again increases, although, again, the 
increase is not statistically reliable. 

The variance of the time estimation error for Condition 1 
(Figure 4) differs significantly (x* = 469.2783, df = 2, p < .01) 
due mainly to the large variances in the grades 1, 2, and 3. The 
significance of variability may seem to pose a question about the 
validity of the previous analysis. While homogeneity is admittedly 
a basic assumption of analysis of variance, it is a weak requirement 
(Box, 1953): the F test is a robust test relatively insensitive to 
violations of the assumptions of normality of distribution and homo- 
genuity of variance. 

Turning now to correlations obtained relating time estimation 
error and IQ scores for the 4th, 5th, and 6th grades, we find these 
were largely inconsequential. The only finding of consequences seems 
to be a significant negative correlaltion (r = -.267, df = 74, p < 
.05) between error of estimate and IQ for Condition 1. Only a smal] 
portion of children from the sample with higher IQ's were more accurate 
than those with lower IQ's. 

Along much the same lines, Ss belonging to the highest quar- 
tiles of the IQ scores were compared to those of the lowest quartile. 
A Chi-square test was applied to compare the frequency of their re- 


responses but significant differences were not found for either con- 


dition. 
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Discussion 


We will try to show how our findings fit within what is al- 
ready known. But in all cases, we must recognize inherent difficul- 
ties of doing so. A statement made by Heisenberg: "We must remember 
that what we observe is not nature itself, but nature exposed to our 
methods of questioning" seems particularly appropriate here. 

The decision to investigate cognitive processes occurring an- 
tecedent to time estimation takes one into an area of complex problems 
falling in an as yet "unmapped" psychological space. Lacking conceptual 
guidelines the present study makes ineffective contact with the body of 
existing research dealing with time perception. Methodologically 
unique, our stimuli were sequential, meaningful, concrete, and 3 or 
13 minutes in length. Developmental literature, in contrast, centers 
around perception of brief single episodes either empty or filled with 
meaningless physical input. Our extensive sampling of age groups is 
also atypical. Data is more often than not incomplete across child- 
hood, short, single studies being the rule. The method employed to 
collect responses is uncommon too. Many and various methods have been 
employed and while these are often difficult to compare, most inter- 
pret elementary time perception and do not allow for generalization 
to real situations encountered. 

Moving to the theoretical level, we find that it is thin with 
the exception of Piaget, Fraisse and Sturt who, however, again direct 
themselves to problems independent of ours. Developmental literature 


dealing with temporal phenomena and memory approach the problems from 
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20. 
many discrete directions without uncovering a consistent underlying 
mechanism in development. 

Nilsson's descriptive theory of cultural development bolstered 
with Werner's observations of primitive man, provided working hypo- 
thesis for us, our interest being in redimentary organization of 
temporal experience. Consistent with expectation, we find that as 
children get older their awareness of the complexities of change ex- 
pands toward mastery of an adult use of time. Results from our study 
are in general agreement with pilot work based upon Nilsson's descrip- 
tive theory (Nelson et al., 1966) both indicating that aspects of pre- 
temporal awareness are measurable. Moreover, the characteristics 
which children exhibit during different stages of their individual 
development follow pre-temporal evaluations in primitive cultures 
described by anthropologists. More specifically: 

(a) Pars pro toto reports called "the earliest social concern 
with time in primitive cultures" Nilsson (1920) are found in the 
youngest children and are pervasive till age 8. In preschoolers, 
pars pro toto occurred in almost half the cases, the remainder falling 
predominantly in the "no response" category. '"No response" disappears 
by the first grade. We will not attempt to explain the basis of the 
"no response" since it is not certain whether this can be meaning- 
fully attributed to memory, attentional, and emotional factors or, 
alternatively, to a lack of cognitive integration. 

Piaget's data indicates that children who would exhibit pars 
pro toto responses are usually not very efficient in counting, sug- 


gesting that cognitive limitations play a role. The observation of 
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Nilsson (1920) that “counting is abstract, the primitiye man clings 
to the concrete phenomena of the outer world (p. 355)", also offers 
insight into children of early age. 

Other indirect evidence pointing to the presence of cognitive 
factors is that of Sturt's (1925). In her research into the usage of 
time related words she concluded that "...in the records of the child- 
ren's speech or answers there is little to suggest that they are able 
to arrange events past or future in a definite series (p. 123)". The 
records to which she refers would be classified as pars pro toto 
representations of time in our framework. For example, when she asked 
a child what the season is and he answers "summer because it is hot 
(Sturt, 1925)", the child represents summer as a single type of weat- 
her. In Sturt's work we have another instance in which concrete 
easily distinguishable features are given as an alternative to des- 
cription of a series of events or interdependent changes. (A more 
complex response in this context might emphasize the relation of 
weather to other personal and social activities.) 

(b) Next in level of complexity we have the sequence response 
which, as defined in the present study, is most predominant in 10 year- 
olds. For children at this stage, the day is made up by events fol low- 
ing one another. Even though the child knows how to read the clock, 
he gives discrete responses indicating limitations of time awareness, 
e.g., "it is 6 o'clock because it is dinner time (Sturt, 1925)". The 
day is conveyed as a line of discrete activities and the past is rep- 
resented by a simple progression of images (Sturt, 1925). Nonetheless, 


we must not omit to notice that this stage is a major advancement 
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because it requires an explicit recognition of past and future in 
addition reasoning and conscious arrangement. 

Such identification of sequences parallels the ability to indi- 
cate the day of the month. In this respect it seems to approach a 
Single concept of time but care should be taken to separate recognition 
of sequential arrangement from the understanding of relationship bet- 
ween events. A child correctly reporting a serial event can be just 
as bound by concrete-discrete perceptions and representations as one 
giving a pars pro toto form, when presented with two inter-mixed 
stories. Children who have not progressed beyond this level can only 
relate as one single episode; they do not realize that two independent 
dramas are developing. 

(c) A multiple-sequence response is the final step in prepara- 
tion for an understanding of the adult concept of time. The child at 
this level relates the proper order and in addition shows that he or 
she understands that events are related by something other than a 
simple physical sequential order. Such a child demonstrates knowledge 
that he is aware that in any given time there are unrelated events in 
process. This response becomes predominant by age 13.! 

Since our interpretation of these stages is to be made within 
the human context, we will turn our attention to another facet of 
investigation. We found a lack of relationship between mental age and 
type of report. This result is understandable in light of the limited: 
ranges of IQ used and probably occurred because the difference between 
the mental ages in our sample were not large enough. Our study prob- 


ably did not provide an optimal condition for testing the chronological 
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limits of any of the stages. For example, if severely limited child- 
ren were used they might fail to reach the multiple sequential stage 
of response because severe retardates are known to have problems with 
processing more than one stimuli at a given time (Zeaman, 1965). 

Acknowledging the failure of children to understand the concept 
of historical progression through formal instructions (Friedman et al., 
1945; Fress, 1962), it is possible that the stages of development which 
we have been discussing may have importance for education. Certainly, 
some of the particulars reported by Sturt (1925) for the experiments 
dealing with children's understanding of history seem understandable 
in our framework. Problems associated with understanding the pro- 
gression of history and chronology are reported to persist till about 
13 years old. Thus, Sturt (1925) found that the ability to arrange 
historical figures into proper chronological order increases from 8 
to 13 years, i.e., children cannot perform this task efficiently 
before they can produce and hence presumably recognize the existence 
of sequential order. This fact corresponds with our data. 

Another experiment (Sturt, 1925), in which she used "temporal 
completion" test, showed that children younger than 13 years seem to 
have "lumped all historical periods together giving them general 
attributes (p. 64)". Again such findings are consistent with child- 
ren's inability to recognize multi-sequence phenomena since multiple 
sequence response becomes predominant at this age. 

The problem of memory is traditionally linked with time per- 
ception. Distinctions between the present, past and future would not 


exist without time perception because memory is by definition a 
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remembrance of past events (Nomann, 1968). Unfortunately, literature 
dealing with this issue is rather slim and difficult to summarize so 
as to bear upon our data in any productive way. 

It may suffice to say that in the present study interest is in 
the quality of free-recall and classification of answers into cate- 
gories. The different stages which we were able to separate indicate 
that although they may be part of more general cognitive development 
and memory, their development is important on its own as part of the 
processes underlying the different awareness of time or as an indi- 
cator of that process. 

Parallels between the development of concepts of time in child- 
ren and characteristics of time concept in some primitive cultures 
support this interpretation. While such correspondence may be acci- 
dental or superficial on the basis of the type of evidence being re- 
ported the correlation between accuracy of time estimations and the 
type of report given are suggestive of a pervasive mechanism for deal- 
ing with events which are temporally spread out. 

Time estimation data confirm that accuracy develops slowly 
through childhood without any dramatic improvements. No ages seem to 
be particularly decisive for this task. The length and the content 
or the complexity of the presented films proved to be important for 
the accuracy of time estimation. Most understanding in this respect 
is the consistent over-estimation for all tested ages under both 
conditions. These findings are in agreement with the previous re- 
search by Fraisse and Montmolin (1952) using short films and Mussatti 


(1931) and Mayers (1916) asking about the time estimation of a 
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baseball game. Over-estimation seems to be connected with the phys- 
ical inactivity of the spectator and to the novelty of the observed 
events (Fraisse, 1964). 

These particular findings fit into Ornstein's (1969) "storage 
size of information theory" fairly well because he suggests that 
"...duration depends on the size of the storage space for the infor- 
mation of a given interval. The size of the storage space would 
depend on two factors: the amount of information or number of occur- 
rences in the interval which react awareness and the way in which 
that information was 'chunked' and stored. The same amount of infor- 
mation might subtend different storage sizes depending on how effic- 
jently it was coded (p. 104-105)". On an experimental level, Orn- 
stein showed that when a person is in a situation in which he performs 
familiar tasks "automatically" to some stimuli and thus is aware of 
less stimuli, he experiences the duration jas a short one. 

In the present experiment Ss were watching unfamiliar films and 
probably paid more attention and were thus aware of more stimuli. 
Presuming a relationship between the number of elements present in 
S's awareness and the duration experience, they experienced a longer 
duration than would be the case if the film would have been familiar. 
In the case of the split film, which gives the most difficult data to 
interpret with regard to time estimation, the Ss could be receiving 
more stimuli because of the unexpected nature of the film. It would 
be instructive to see if a film of the same length but of less com- 


plex nature (no "flashbacks") would indeed yield shorter estimations. 


Such a study is underway. 
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In the youngest Ss time estimations supported previous research 
Sturt (1925), in terms of efficiency of using time units. Looking at 
the distribution of variance, age 9 seems to be critical for the 
ability to use time units meaningfully. The change in the variance 
between the children younger than 9 and the older ones can be seen in 
Figure 4. Incidentally, a reliable relationship was found between 
time estimation error, chronological age, and mental age for the short 
film, suggesting that the particular task experience and general men- 
tal development are important. 

As said above, results of the split film are less clear. Nei- 
ther the chronological age nor the mental age appear to be an impor- 
tant factor. For indeed there is not even a significant change to be 
found between the 9 year-old and the 15 year-old counterparts. Look- 
ing at the Figure, one can see estimation improving till age 13 and 
after that it stagnates. Possibly the unexpected results are attri- 
butable to two possible factors. First, since the nature of the film 
had to be relevant and understandable to very young children, the 
older Ss may have found the task boring and experienced it as being 
"talked down to". Ornstein (1969) says that in boring situations, 

Ss are "forced to attend to more of the stimulus array than they 
normally would" and this effort can cause a lengthening of duration 
experience. Personal observations of our older Ss support this 
possibility. 

A second explanation may be inferred from Table 3. Notice 
that there is a sudden shift in using blocks of time units. While 


research on number preferences is restricted to adult populations, 
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there is an indication that it may correlate with development of 
temporal sophistication. This, however, does not explain why a 
plateau far short of proficiency would be shown. In the absence of 
other data one must only conclude that yet another complex process is 
in action. 

Psychological time, if there is such a single thing, is sub- 
jective as opposed to physical time as measured by instruments. It 
does not seem to be guided by any single "law". The perception of 
duration is influenced not only by the amount of practice but also 
by the nature of the content, by the physical environment, by per- 
son's personality (Doob, 1971; Fraisse, 1964; Orme, 1969). It has 
been said that "learning and applying a concept appropriately neces- 
sitates an ability to discriminate, to understand, and to use both its 
relevant stimulus features and its rule (Bourne, 1970)". The concept 
of time similarly may be acquired through childhood with recognizable 
stages in the ability to discriminate and understand the various 
features of relationships in a given time interval. Surely in child- 
ren we see that adaptation of standard time units improves accuracy 
of estimation. In the case of relatively simple stimuli, as presented 
by the short film, accuracy seems to be a function of the general 
mental development. With more complex stimuli such a relationship 


does not hold after a certain age. 
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38. 
Footnotes 


In everyday life multiple sequence awareness is well illustrated 
in the ordinary farmer's almanac. 


Various aspects of memory, like memorization processes (Small & 
Lucas, 1971), concept of seriation (Siegel, 1972), or investigation 
of ontogeny of memory (Cambel, 1972) etc., have been given limited 
research treatment. A great number of methods have been employed 
which makes the task of interpretation difficult. Worse, evaluation 
is hamstering of the great variety of stimuli and temporal interval 
used. In all cases stimuli are less complex, less "meaningful", 

and shorter than in our case, e.g., lists of words (Belmont, 1971; 
Rossi, 1971), number of disconnected pictures (Neimark, Slotnick & 
Ulrich, 1971), lists of selected items (Calfee, 1970) have been 

used not dramatic sequence. To make matters worse, there is not 

an accepted general summary of theory to fall back upon. Some 
studies (Belmont, 1968; Flugman, 1944; Hansen, 1965) claim that 
there is no consistent evidence that short-term memory developes 
with age. For long-term memory, Hansen (1965), who studied memory 
in a position of a picture in an array of momentarily expressed 
pictures, reports similar results. Others (Cambel, 1972; Rossi, 
1971), however, with greatly different procedures, find that memory 
capacity improves with increasing age. Finally, it has been sugges- 
ted (Mussen, 196 ) that the sources from which the perplexing problem 
of the variation in the quantity and quality of recall in children 
can spring include anxiety focussed attention, susceptibility to 
distraction, and motivation. 
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40. 
Appendix A 


A study run by Dr. Nelson and associates (1966) provides pilot 
data from which our hypotheses were formed. The study related the 
pars pro toto system (i.e., the whole system of a temporal pattern 
is represented by a single event or condition) , to later attainment 
of various ideas of sequential ordering of events. The hypothesis 
tested was that pars pro toto responses are more characteristic of 
young children than those in later stages of development. To test 
these hypotheses film sequences were shown to 140 Ss of ages varying 
from 4 to 12 years of age. Ss were asked to describe what they had 
seen and how long was the film. Responses were coded in five ways: 
(a) no response, (b) pars pro toto, (c) sequence order, (d) multiple 
sequence, and (e) time estimation. 

The experiment yielded encouraging results (Figure 5). It was 
found that the predominant feature of preschoolers were pars pro toto 
responses. By the time children were in third grade the most fre- 
quently made responses were sequential order and in fifth grade the 
multi-sequence order was achieved. 

In addition to these "time indications" data, time estimation 
experiments were run under two conditions. Some children were shown 
5 minute (short films SF) and some 20 minute (long split film LSF). 
Results are illustrated in Figure 5. From these results we see that 
time estimation is achieved only after children are about to perceive 


multi-sequential events. 
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ERRORS IN TIME ESTIMATION 
IN MINUTES 
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Figure 5: Variation of Time Error with Grade. 
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42. 
Appendix B 
Table 1 


Frequencies of Responses for Grades Analyzed by Chi-square Test. 


Condition 1] Condition 2 


The Compared Degrees of Chi- Degrees of Chi- 
Grades Freedom Square Freedom Square 


Preschooler vs. 
Ist Grade 


is vs. 2nd 
2nd vs. 3rd 
3rd vs. 4th 
4th vs. 5th 
5th vs. 6th 
6th vs. 7th 
CDOS aeoun 
8th vs. 9th 
9th vs. 10th 


43. 
Appendix C 
Table 2 


Table of Means, Variances and Standard Deviations for the Time 
Estimation Error Data Obtained from the Short Film for Different Grades 


Condition 1 


Standard 
Number Ss Variance Deviation 
(28) : 367.2734 19.1644 
25 : 119.0233 10.9098 
25 : 188.9167 13.7447 
Zo : 4.0767 .0191 
Zo : 8.4900 9138 
25 ; 65.2767 .0794 
25 ; 3767 5416 
25 : . 1067 .0520 
25 ‘ -4600 .6782 
20 ; .6600 .8124 
MOT acoce 


Analysis of Variance for Time Estimation Data. 


Source SS MS 


Groups 399.06 
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Appendix D 
Table 3 
Table of Means, Variances and Standard Deviations 


for Time Estimation Error Data Obtained from the 
Split Film for Different School Grades 


Condition 2 


Grades Number of Ss Variance 


Analysis of Variance for Time Estimation Data. 


Source SS MS 


CANS 2002/7 
(MEE 13367 


Standard 
Deviation 
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